Many studies have associated increased physical and 65 per cent of men respectively were judged to activity with a reduction in subsequent coronary be in heavy physical work, showed less electromorbidity and mortality (Morris et al., 1953; Fox cardiographic ischaemia than male clerks (Menotti and Haskell, 1968; Brunner et al., 1974; Paffenbar-et al., 1969). However, these authors were reluctant ger and Hale, 1975), but few have examined its to conclude that there was a definite association relation to electrocardiographic evidence of sub-between occupational physical activity and coronary clinical myocardial ischaemia. In Finland, Karvonen health because they were unable to exclude the et al. (1961) found fewer abnormal electrocardio-possibility that other factors relevant for coronary grams among lumberjacks than among men in other heart disease also differed between the groups occupations. Keys et al. (1966) 
status. The results provide further evidence for an independently and without any other information about inverse association between habitual physical the subjects. Frequency of electrocardiographic abactivity and myocardial ischaemia. normality was then compared between the two exercise groups.
Subjects and methods Results
The group from which the present men were drawn comprised 16 882 male executive grade civil servants Vigorous exercise as defined was reported by 125 aged 40 to 65 years in six government departments in of the 509 men (24 6%). Table 1 The method of analysis of the activity questionnaire vigorous exercise had a plasma total cholesterol has been given previously (Morris et al., 1973) . Briefly, concentration above 6-4 mmol 1-1 (249 mg/100 ml)
'vigorous exercise' was defined as any activity likely to compared with men not reporting vigorous exercise, require a peak energy expenditure of 31-5 kJ minm-(7 5 and a slightly greater proportion of men in the kcal min-m ) and which, in the case of specified recrea-vigorous exercise group had a systolic and diastolic tions, had lasted at least 5 minutes, and in the case of blood pressure above 150 mmHg (20 kPa) and 'heavy work' had been performed either for more than 90 mmHg (12-0 kPa) respectively (more detailed 30 minutes continuously or for a total of one hour over analysis of the higher ranges revealed nothing of the two-day period. Thus the men were divided into two interest). There were fewer non-smokers in the exercise groups, those reporting vigorous exercise in igores exercis regroup n in the leisure time and those not so reporting.
vigorous exercise group than in the no vigorous In 1971 a sample of 660 men was drawn from the exercise group, and figures for current cigarette original population and asked to collaborate in further smoking were as low as 26 per cent and 32 per cent studies. Of these, 509 agreed, giving a response rate of respectively (Table 3) . 77 per cent. Each completed a questionnaire for cardio- Table 4 gives the resting electrocardiographic vascular disease and answered the London School of findings. In all, 11 per cent of men reporting Hygiene questionnaire for angina pectoris, prolonged v e chest pain, and intermittent claudication (Rose and v Blackburn, 1968) . Smoking habits were noted. electrocardiographic abnormality compared with Height and weight were recorded and skinfold thick-22 per cent of men not reporting vigorous exercise ness was measured at three sites, subscapular, triceps, and supra-iliac, with Harpenden calipers. Casual blood pressure was recorded with the subject seated using a random zero sphygmomanometer (Hawksley). Two Morris et al. (1973) . and the resting heart rate. All readings of the electro-Figures in parentheses are standard deviations about the mean. cardiograms and classification of activities were done None of these differences was statistically significant (P > 0-05).
(P < 0.02). Prominent spectively.
% above 6-4 34 41 vigorous exercise had one or more electrocardio-None of these differences is statistically significant (P > 005). (Morris, 1975) . In order to minmilze these predispose to arrhythmias (Watanabe and Dreifus, groupsn (Morris, 1975 The protective action of vigorous exercise did not indices (Morris et al., 1973) , and the similarity of appear to be related to plasma total cholesterol, skinfold thickness and plasma total chlesterol in the casual blood pressure, adiposity, or smoking two groups may be some indication of the success of habits. In other studies examining the relation this technique. Keys et al. (1966) found that skin-between plasma total cholesterol and habitual fold thickness, blood pressure, and serum choles-physical activity, the results have been inconsistent terol levels were inversely related to occupational (Keys et al., 1966; Menotti et al., 1969 ; Grimby physical activity, but that these apparent effects of et al., 1971; Taylor, Buskirk, and Remington, 1973 ; physical activity were much reduced when some Brunner et al., 1974 ). This does not exclude the allowance was made for associated differences in possibility that consistent group differences existed socioeconomic status. The differences in the electro-in the distribution of total cholesterol between the cardiogram in the present study between the two several plasma lipoproteins. Increased physical exercise groups are thought to be unlikely to be a activity increases high density lipoprotein cholesconsequence of other socioeconomic variables terol while reducing low density lipoprotein related to the pattern of physical activity.
cholesterol (Lopez-S et al., 1974; Wood et al., 1974) , An alternative interpretation of these data could and on this account might improve coronary health be that the men with electrocardiographic abnor- (Miller and Miller, 1975; Lewis et al., 1974 ; mality tended to avoid leisure activity for health Gulbrandsen, Rhodes, and Kagan, 1974; Morris, reasons related to ischaemic heart disease. The absence of any increase in resting electrothis type of behavioural change must be very un-cardiographic abnormality with either cigarette common before the onset of clinical disease. In the smoking or increased plasma cholesterol is in agreepresent study, no excess of subjects with either ment with earlier studies. Neither Epstein et al. symptoms or a clinical history of possible cardio-(1965) nor Keys et al. (1966) showed any significant vascular disease was, in fact, found among those relation between these factors and electrocardionot reporting vigorous exercise. And the findings graphic abnormalities when these included ST remained essentially unchanged when these men segment depression and T wave inversion. Indeed, were excluded from the analysis. There seemed, as in the present study, Epstein et al. (1965) found therefore, little likelihood that men with electro-fewer changes in smokers than in non-smokers. cardiographic changes had, at least one year before Since both cigarette smoking and a raised plasma total cholesterol are associated with an increased activity for survey purposes than questionnaire coronary mortality (Simborg, 1969) , the meaning of methods (Gyntelberg, 1974) . Examination of the these findings is unclear. Some men who were at relations between these measurements within each risk for these reasons might have been excluded of a range of socioeconomic groups may take us a from the study population by earlier death. Cigarette step further in our understanding of the association smoking may be more strongly associated with the between the pattern of habitual physical activity acute coronary event than the development of and coronary health. atherosclerosis (Gordon, Kannel, and McGee, 1974) . The observations on plasma total cholesterol We are grateful again to our friends in the Civil Service, might be clarified when electrocardiographic to colleagues for use of data, to Professor G. A. Rose changes are examined with respect to the plasma and colleagues for reading the electrocardiograms, and lpoproteins rather than plasma total cholesterol, to Mr. J. Woods for computer assistance.
and during exercise rather than at rest. Thus both Motta et al. (1974) and Carlson, Ekelund, and Olsson (1975) raised blood pressure (Morris, 1975) .
Physical activity at work and the incidence of myocardial While numbers are very small, the protective infarction, angina pectoris and death due to ischemic heart effect of exercise in hypertension appeared to
disease. fitness', using the cardiovascular response to test Karvonen, M. J., Rautahau, P. M., Orma, E., Punsar, S., (Cotes, 1972) 
